We aimed to assess mode of delivery and predictors of emergency caesarean section (EmCS) in women living with HIV (WLWH) in a matched-pair setting with women from the general population (WGP) in Denmark. Further, we analysed birth plan in WLWH.
Introduction
In the absence of antiretroviral therapy (ART), caesarean section (CS) has been demonstrated to reduce mother-tochild transmission (MTCT) of HIV with 70% compared to vaginal delivery [1, 2] , outweighing the increased morbidity associated with CS [3] [4] [5] [6] [7] . The use of ART in pregnancy and during delivery was found to be effective as a means of preventing MTCT (PMTCT). Thus, women living with HIV (WLWH) on ART with a suppressed viral load (VL), who do not breast feed, have an overall risk of MTCT of 0-2% independently of the mode of delivery (8) (9) (10) (11) (12) . Accordingly, US and French guidelines were changed in 2002 to recommend vaginal delivery in WLWH with low to undetectable VL [11, 13, 14] , followed by corresponding changes in Danish and UK guidelines in 2007 and 2008, respectively [12, 15] .
During the last decade, there has been an increase in the rate of vaginal delivery among WLWH [9, 11, 12, 16] , with a simultaneous increase in the rate of emergency CS (EmCS) [9, 11] . In Denmark, approximately 5000 people are living with HIV; of these, 1400 are women [17] . We previously reported that, although 80% have an undetectable VL at delivery, two-thirds still deliver by CS [12] , half of them by EmCS, with an even higher risk of morbidity for both mother and child [4, [18] [19] [20] [21] .
The aims of this study were to assess mode of delivery and predictors of EmCS in WLWH compared with women of the general population (WGP) in Denmark over a 13-year period. We further identified predictors of planning an elective caesarean section (ECS) among WLWH.
Materials and methods

Study design and population
This was a caseÀcomparison retrospective cohort study including all WLWH giving birth to one or more children in a matched-pair setting with WGP in Denmark between 1 January 2002 and 31 December 2014. Study participants were identified through the six Danish specialized units providing care to pregnant WLWH. In Denmark, all pregnant WLWH are assessed by a multidisciplinary team including infectious disease physicians, midwives, obstetricians and paediatricians with specialized knowledge of HIV. WLWH were excluded if they tested positive for HIV after delivery, if their Central Personal Registration (CPR) number was invalid or if the mode of delivery was unknown. Using the Danish Medical Birth Registry (MBR), the women were individually matched 1-5 by year of birth, ethnicity, maternal age at delivery and parity to HIV-uninfected women from the general population. In view of the changing guidelines, the women were divided into three time periods: 2002-2006, 2007-2008 and 2009-2014 . During the study period, the cut-off value for vaginal deliveries was VL < 1000 HIV-1 RNA copies/mL. Women with unknown parity were set to be nulliparous.
Only singleton pregnancies were included and every pregnancy was, for the purpose of the analysis, treated as a separate case. Definitive exclusion of an HIV diagnosis of the child was based on two negative virological test results prior to or at 18 months of age.
Procedures
All Danish residents are assigned a unique 10-digit CPR number at birth or immigration; using this, we were able to identify and track WLWH and their controls in the following registries.
The Medical Birth Registry (MBR)
The MBR contains complete information on all births in Denmark since 1973. The following data were extracted for both WLWH and their controls: maternal age at birth, parity, date of birth, gestational age, gender, body mass index (BMI), birth weight and appearance, pulse, grimace, activity and respiration (APGAR) score at 5 min.
National Patient Registry (NPR)
The NPR contains information on all in-patient and outpatient hospital admissions in Denmark since 1977 [22] . The discharge diagnoses are classified according to the International Classification of Diseases, 10 th revision (ICD-10 codes). Diagnoses of live births were obtained using the ICD-10 codes DO600ÀDO900.
Statistics Denmark
From the registries at Statistics Denmark, we extracted data on the maternal country of birth.
HIV data
The following information was retrieved from the mothers' medical records: date of HIV diagnosis, mode of HIV acquisition, ART regimen during pregnancy (recorded at 26 weeks of gestation), latest CD4 cell count and HIV RNA measurement prior to pregnancy and delivery, birth plan (approximately at week 35) and indications for EmCS. Data regarding the children included HIV status and information on breast feeding. The date of HIV diagnosis was defined as the date of the first HIV positive test or the first referral to a specialist in infectious diseases. If HIV diagnosis was indicated by year only, but prior to pregnancy, the date was set to 1 January of that year. Six women were diagnosed with HIV infection during pregnancy, but the date for the first HIV positive test was only indicated by year in the files. In these women, therefore, diagnosis was set to 6 months prior to birth. Undetectable VL was defined as HIV RNA < 40 copies/mL.
Outcomes
The primary outcomes were modes of delivery, classified as vaginal delivery, ECS and EmCS. CS was classified as elective when planned ahead of birth and taking place before labour or rupture of the membranes. All other unplanned CS performed acutely during pregnancy or labour were classified as emergency CS. Indications for EmCS were recorded by the attending birth physician as prolonged birth [rupture of membranes (ROM) > 4 h], premature ROM (PROM), prematurity, obstetrical indications or PMTCT indicated by the physician and/or increased VL.
Secondary outcomes were birth plan for either vaginal delivery or ECS, with indications of personal request, obstetric reasons, repeat CS or PMTCT. Predictors of planning for ECS were further identified.
Statistical analyses
Continuous variables were summarized as means with confidence intervals (CIs) and compared using the Wilcoxon rank sum test. Categorical variables were reported as counts and percentages and compared using the v 2 test or Fisher's exact test as appropriate.
Multivariate logistic regression analyses were performed to identify predictors of EmCS and birth plan. To control for repeated testing, a combined P-value was estimated for variables spending more than one degree of freedom in the logistic regression. Individuals with missing explanatory values were excluded from the multivariate regression analyses. The validity of the model was tested using the Hosmer and Lemeshow goodness-of-fit test.
The SAS statistical software version 9.3 (SAS Institute Inc., Cary, NC) was used for data analysis and P-values < 0.05 (two-sided) were considered statistically significant.
Ethics
The project was approved by the Danish Data Protection Agency (J.nr. 2012-41-0904). According to Danish law, approval from the National Committee on Health Research Ethics was not required as no biomedical interventions were performed (H-3-2012-FSP25).
Results
Demographic characteristics
A total of 406 pregnancies in WLWH were available for analysis. Of these, 11 women were excluded because of missing CPRs and six women were excluded because of twin pregnancies, leaving 389 WLWH for inclusion in the analyses. These pregnancies were matched to 1945 singleton pregnancies in WGP. In total, 85 WLWH had two or more deliveries included in the study. The annual number of pregnancies ranged from 13 to 45 among WLWH (Fig. 1) .
The mean age at delivery of WLWH was 32.7 years (95% CI 32.1-33.2 years) and the majority were of African origin (56.0%). Maternal and neonatal baseline characteristics of WLWH and WGP are presented in Table 1 . WLWH were more likely than WGP to have had a previous CS (20.6% versus 14.1%, respectively; P = 0.0013). Neonates of WLWH had a lower mean gestational age than neonates of controls (38.7 weeks versus 39.8 weeks, respectively; P < 0.0001) and were more likely to be born premature (<37 weeks) (9.7% versus 5.8%, respectively; P = 0.005). Furthermore, neonates of WLWH were of significant lower birth weight than neonates of WGP (3192 g versus 3449 g, respectively; P < 0.0001). 
BMI, body mass index; CI, confidence interval; IQR, interquartile range; PROM, premature rupture of membranes; PPROM, preterm premature rupture of membranes; APGAR, appearance, pulse, grimace, activity, respiration -score system to evaluate newborns; ART, antiretroviral therapy; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor. *The P -values were calculated without significant correction. The KruskalÀWallis test was used for the continuous variables (maternal age at delivery, maternal BMI and foetal birth weight). The v 2 test was used for the categorical variables (race, parity, previous caesarean section, smoking, mode of delivery, time of delivery, PROM/PPROM, anmiotomy, asphyxia, year of birth, sex, APGAR score and gestational age).
HIV characteristics
A total of 81.8% of the WLWH were aware of their HIV status prior to pregnancy. The median duration between HIV diagnosis and delivery was 6.0 years [interquartile range (IQR) 2.0-9.0 years] with the majority having undetectable VL (median VL < 40 copies/mL; IQR <40-230 copies/mL) and normal CD4 cell counts (median 503 cells/lL; IQR 377-699 cells/lL). The maternal HIV characteristics are presented in Table 1 . All women were on ART at delivery and there were no cases of MTCT in the study group.
Mode of delivery
Mode of delivery differed between WLWH and controls (P < 0.0001) (Fig. 2) . Two-thirds of WLWH gave birth by CS, 40.6% by ECS and 26.0% by EmCS, with the remaining 33% delivering vaginally. The mode of delivery in WLWH changed significantly during the study period, with a rise in the rate of vaginal delivery and a corresponding decrease in the rate of ECS. However, the EmCS rate among WLWH remained constant during the study period (Fig. 2a) . A tendency towards the opposite pattern was seen among controls, with more women having ECS performed over time; however, the proportion of controls having ECS was still significantly lower than that of WLWH (Fig. 2b) .
Birth plan
During the study period, an eightfold increase in the proportion of women planning a vaginal delivery was seen (Fig. 3) . Of the 194 women who wanted to give birth by ECS, 44% had no obvious obstetric or virological reasons (untreated HIV and/or high VL) for ECS present. Other indications included PMTCT (10%), obstetric reasons (7%), repeat CS (23%) and other reasons (16%).
As illustrated in Table 2 , we analysed predictors of birth plan, and found that previous CS was associated with ECS [adjusted odds ratio (aOR) 11.0; 95% CI 4.5-26.8; P < 0.0001]. Year of birth during the latest study period (aOR 0.13; 95% CI 0.05-0.3; P < 0.0001) and previous births (one birth: aOR 0.4; 95% CI 0.2-0.9; P = 0.027; at least two births: aOR 0.4; 95% CI 0.2-0.98; P = 0.04) reduced the chance of planning an ECS.
Emergency caesarean section
More WLWH had EmCS performed compared with controls (26.0% versus 17.0%, respectively; P < 0.0001). However, the EmCS rate was constant in both groups during the study period. Predictors of EmCS are listed in Table 3 .
In a mutually adjusted analysis, we compared predictors of EmCS among WLWH and WGP. WLWH had, in all three periods, a significantly increased risk of EmCS com- 7-3.9) . Further, the following predictors were identified in WLWH: age > 40 years (aOR 2.3; 95% CI 1.5-3.5), asphyxia (aOR 3.2; 95% CI 2.4-4.1), delivery during the evening and at night [aOR 2.3 (95% CI 1.7-3.0) and aOR 2.0 (95% CI 1.5-2.7), respectively], preterm delivery (aOR 3.8; 95% CI 2.6-5.6) and PROM (aOR 3.0; 95% CI 2.1-4.4). Finally, the risk of an EmCS declined with increased parity.
As all ECSs are performed during the daytime, we conducted a sensitivity analysis restricted to vaginal deliveries and EmCS. However, the significant effect of deliveries during the evening persisted (aOR 1.4; 95% CI 1.1-1.9; P = 0.02).
Of the 191 women planning a vaginal delivery, 31.6% ended up having an EmCS compared with 20.4% of the women planning an ECS. This was primarily as a result of prolonged birth (54%), prematurity (7%), obstetric reasons (31%) or PROM (5%). In the group planning an ECS, PROM was the primary indication (43%).
Discussion
This study used a complete set of national data on mode of delivery among all WLWH in Denmark matched to WGP from 2002 to 2014. We found that mode of delivery in WLWH differed significantly from that in WGP, with an increase in vaginal deliveries and a decrease in ECS, while there was no change in mode of delivery for WGP. Since 2007, the majority of WLWH have planned a vaginal delivery; however, compared with WGP, a higher proportion of WLWH still planned and delivered by CS without any obvious immunological or obstetric reasons for CS. Further, WLWH had twice the risk of an EmCS compared with WGP. The primary indication for EmCS for a WLWH planning a vaginal birth was prolonged birth.
Significant changes in PMTCT guidelines were implemented in Denmark as well as internationally during the study period, moving from strong recommendations for ECS towards offering vaginal delivery to WLWH with low or suppressed VL. Our results reflect these changes, with an increasing number of vaginal deliveries and a corresponding decrease in ECS.
In accordance with other studies, we found that WLWH in labour differed from average WGP with regard to mean age (32.7 versus 30.9 years, respectively), parity (38.7% nulliparous) and ethnicity (56% of African ethnicity) [16, [23] [24] [25] . These findings of higher maternal age and a higher proportion of first-time mothers could be explained by changes in recommendations; before 2000, WLWH were advised to terminate pregnancies, while advances in ART have allowed WLWH to pursue an almost normal pregnancy with minimal risk of MTCT [12, 26, 27] .
A significantly higher rate of preterm deliveries (<37 weeks of gestation) was found in WLWH compared with their controls (9.7% versus 5.8%, respectively). However, the prematurity rate decreased during the study period from 27.3% in 2002 to 4.4% in 2014. This finding is consistent with other studies reporting a similar decrease in the incidence of prematurity [16, 23, 28, 29] . With changing guidelines, most of the iatrogenic prematurity attributable to ECS at 38 weeks of gestation and delivery in any case of threatening labour can be explained. Protease inhibitor-based ART regimens have also been associated with preterm labour [30] [31] [32] . However, findings are conflicting, making it difficult to draw definitive conclusions.
HIV characteristics
All WLWH were on ART at the time of delivery, and only six women had a VL > 1000. Even women diagnosed during pregnancy rapidly achieved viral control. Townsend et al. presented similar findings for the period 2007À2011, where 79.5% of patients achieved viral suppression, with an MTCT rate of 0.5% [24] . However, a recent collaborative study in 10 countries found that only 23% of patients achieved VL < 50 copies/mL from 2000 to 2010 [23] . In Denmark, medical care and ART are easy accessible and free of charge, resulting in earlier diagnosis and better compliance. This might explain some of the discrepancies between countries.
Mode of delivery
Our analyses showed significant differences between WLWH and WGP regarding mode of delivery (vaginal delivery, 33.4% versus 73.3%; ECS, 40.6% versus 9.7%; EmCS, 26% versus 17%, respectively). Internationally, guidelines differ regarding when vaginal birth was included as a recommended option and the HIV VL threshold below which it is considered safe, ranging from <50 to <1000 copies/mL [32] [33] [34] . In Denmark, WLWH experienced a significant increase in the rate of vaginal delivery with a corresponding decrease in the rate of ECS. A continuously high incidence of EmCS comparable to other studies was, however, seen [11, 16, 23, 32] . In a study by Aebi-popp et al., the proportion of vaginal deliveries increased from 17% before the change in guidelines to 52% afterwards, although 55% of WLWH with an undetectable VL still had a CS performed [23] . Briand et al. reported similar findings, with an increase in the rate of vaginal delivery from 25% to 53% in the period 2000 to 2010. In accordance with our study, they also found a persistently high incidence of EmCS of around 21% throughout the study period [11] . A recent American study found that 61% of WLWH planned a vaginal delivery and 27% of these ended up having a CS. A total of 24% of WLWH planning an ECS went in to labour prior to the scheduled ECS and had an EmCS performed [35] , which corresponds to findings from our cohort, where 20.4% of WLWH planning an ECS and 32% of WLWH planning a vaginal delivery ended up having an EmCS.
Birth plan
The proportion of WLWH requesting ECS declined significantly during the study period. However, compared with WGP, the proportion was still very high (27% versus 14%, respectively). In more than 40% of WLWH compared with about 25% of WGP, the reason for an ECS was maternal request; in only 10% was the reason PMTCT. Consistent with the decreasing rate of ECS, Livingston et al. reported only 39% of American WLWH planning an ECS [35] . The primary indications of CS were prior CS (33%) and PMTCT (26%). PMTCT as an indication declined through the study period. A French study yielded similar results; indications for ECS in WLWH with VL <400 copies/mL were repeat CS (45%) and PMTCT (36%), both of which were associated with other indications; PMTCT was the exclusive indication in 16% of patients [11] . This high rate of PMTCT as an indication for ECS and avoidance of vaginal delivery may be attributable to persistent concern on the part of obstetricians and/or patients regarding the safety of vaginal delivery and a delay in implementation of guidelines. Furthermore, WLWH who had a CS performed in previous pregnancies to protect their child from transmission might prefer a second CS. In our study, WLWH who gave PMTCT as the reason for ECS but who did not have an immunological risk factor present were categorized as 'maternal request'. This could explain some of the variation between studies.
We found that a former CS predicted ECS as the birth plan, supporting our hypothesis that women who have had an ECS in a prior pregnancy may show a preference for ECS in a future pregnancy, and moreover guidelines recommend that women with two or more previous CSs should have an ECS in every future pregnancy. In line with current guidelines, calendar year of birth significantly lowered the risk of ECS. Uni-and multiparity had similar effects in decreasing the rate of ECS.
Emergency caesarean section
Several studies have reported an increased rate of EmCS in WLWH, fluctuating from 13% to 35% [11, 16, 28, 36] . However, to our knowledge, no studies have analysed predictors of EmCS in WLWH and matched controls. In this cohort, we found age > 40 years, African ethnicity, asphyxia, delivery during the evening and at night, preterm delivery and PROM to be significantly associated with EmCS. Few studies have investigated indicators of EmCS; Maiquies et al. reported failure to progress and foetal distress as the primary indications [37] . Similar findings of foetal indications were reported in a French study; however, in their analysis PMTCT, PROM and other obstetric indications also predicted EmCS.
WLWH delivering during evening or at night had an increased risk of an EmCS; this effect persisted when all ECSs were excluded, as these are typically performed during the daytime. In all periods analysed, WLHW had a significantly higher risk of an EmCS compared with WGP, with the risk increasing during the study period. This might be explained by an increased awareness of risk factors in WLWH and a correspondingly higher rate of consequences in the form of an EmCS. This continuously high incidence of CS and the increasing number of EmCSs may have been caused by obstetricians having unfounded concerns regarding HIV and/or pregnant WLWH having a lack of confidence in the safety of a vaginal delivery [11] .
Rom
A key issue is whether or not performing a CS after ROM and onset of labour offers any benefits in reducing MTCT. We did not record the duration of ROM; nevertheless, in 32% of WLWH, prolonged birth beyond 4-6 h was reported as the primary indication for performing an EmCS, and in 20% PROM caused the EmCS. Previous studies have concluded that the risk of MTCT increases approximately 2% with an increase of 1 h in the duration of ROM [38] , and guidelines in Denmark state that prolonged vaginal birth beyond 6 h requires precautions to be taken, i.e. an EmCS [39] . However, this correlation of prolonged birth and MTCT is not supported by recent studies [26, 29, 36, 40] . Cotter et al. found that the only statistically significant predictor of MTCT was VL > 10 000 copies/mL [40] . The fear of having an EmCS during labour might explain the high proportion of women planning an ECS instead of a vaginal delivery. Duration of labour of > 4 h is not uncommon, and more studies and perhaps renewal of guidelines regarding duration of ROM might be prudent.
Strengths and limitations
Strengths of the study include the use of nationwide data on rates of modes of delivery in WLWH, the use of individually matched controls, and the near-complete data, including HIV characteristics and pregnancy-and labourrelated information. The study was limited by the retrospective design as a consequence of reliance on data extracted from chart reviews. However, using national registries, data were collected prospectively, independently of outcome, with a minor risk of incorrect registrations [41] . Finally, the relatively low number of pregnancies of WLWH in Denmark was a limitation.
Conclusions
During the study period, numbers of vaginal deliveries in WLWH increased. Children born to WLWH had a lower gestational age and birth weight compared with those born to WGP.
Despite virological suppression, more WLWH planned and delivered by ECS than WGP. EmCS was predicted by age > 40 years, African ethnicity, asphyxia, delivery during the evening and at night, preterm delivery and PROM. Compared with WGP, WLWH had a twofold higher risk of EmCS.
